Objective-To measure the effect on hospital radiology referral practice of introducing a strategy for change involving guidelines of good practice, monitoring, and peer review.
Chest x-roys account for 33% of oll exominotions Page from Roval College of'Radiologists' booklet, showing guidance for selectiig patients Jor x rav examitiatioti centre and in every specialty after guidelines were instituted. The major part of this reduction was achieved by some of the firms whose initial practice did not meet "high referral" criteria. Important variations in compliance with agreed standards of good practice were observed.
Conclusions-The study offers strong experimental evidence to support a recent suggestion that at least a fifth of radiological examinations carried out in NHS hospitals are clinically unhelpful. The problem of how to assure compliance with agreed standards of practice needs to be resolved. Until this happens medical audit alone is unlikely to translate good practice into common practice.
Introduction
In The study required each centre to have a computerised data collection system to monitor routinely the number of referrals for x ray examinations per 100 inpatient discharges, deaths, and day cases and per 100 new outpatient attendances. In this paper the audit is confined to inpatient and outpatient referrals by hospital firms. The influence of guidelines on the referral practice of general practitioners and of doctors working in accident and emergency units will be reported separately. Table I shows the essential characteristics of the study population. It consisted of 314663 inpatient discharges, deaths, and day cases and 1 706781 outpatient attendances under the care of 722 consultants from 25 clinical specialties in three teaching and three non-teaching centres (two in Wales, and one in each of the Northern, South West Thames, Trent, and Wessex regions). The data in each centre were collected over a continuous period of [21] [22] [23] [24] months sometime between January 1987 and December 1990 and included a period of 9-12 months in each centre where baseline referral data were collected before the guidelines were introduced. The results of this baseline audit are published elsewhere."
Individual firms were included in the audit if they met the following criteria: for inpatient referrals, a minimum workload of 100 x ray examination referrals and 250 inpatient discharges, deaths, and day cases (150 in geriatrics) in the year of the study; for outpatient referrals, a minimum of 100 x ray examination referrals and a minimum of 500 total or 100 new attenders in the year of the study. Data from a particular centre were not included if none of the firms in a specialty or subspecialty in that centre met the above inclusion criteria; if there were no inpatient beds or outpatient facilities in that specialty; or if there was a concern about the accuracy of the data. Firms who consistently showed substantially higher examination referral rates than others in the same specialty were identified as possible targets for "intervention" by the radiology review committees. Intervention was considered only when a firm met one of the following criteria: referral rates that were twice the average local specialty rate for at least three consecutive quarters; initially high and increased steadily over the period of the study; or three times the rates observed for the specialty in other centres.
Four committees agreed to intervene. A fifth agreed in principle but not on how the intervention might be carried out once a "high referral" firm had been identified. A sixth was not prepared to intervene or to apply the criteria and did not wish to go beyond closed monitoring by the committee. In this hospital the committee disbanded as soon as the research project was completed.
Intervention ranged from an informal discussion between a member of the committee and a colleague to a formal presentation to all medical staff of a firm or specialty by one or two members of the committee. For example, in rheumatology in one centre where wide variation was observed, all consultants were invited to review the results of their referral practice. The referral rate ofthe individual firms, together with those of firms in the same specialty from other centres, were presented in coded form. Only at the end ofthe discussion was the identity of the local firms revealed. Before the code was broken the individual consultants were quite unable to decide whether they were among the high or low users despite the fact that they all agreed with the guidelines. One consultant who was out of step and whose referral practice was considerably higher than that of his colleagues agreed to review his practice in some detail.
Results
Overall, inpatient referrals were reduced by 7-7% and outpatient referrals by 8-9%. Table II presents referral rates before and after implementation of the guidelines by type of x ray examination. All outpatient data from one centre were excluded because requests generated by consultants from clinics based at that centre could not be distinguished from those generated by the same consultants at satellite clinics. Orthopaedic outpatient referrals from another centre were also excluded because of contamination of outpatient attendances by those from the accident and emergency BMJ VOLUME 304 department. Reductions occurred in all seven categories of inpatient x ray examination and in six of seven categories of outpatient examination. most requests for inpatient chest x ray are made preoperatively, a clinical circumstance that is considered explicitly in the guideline booklet ( figure) . In centre A the inpatient chest x ray referral rate rose from 18 per 100 inpatient discharges, deaths, and day cases in year 1 to 21 in year 2. In centre B it fell from 6 to 3, and in centre C from 61 to 12- 31 (18%) also met the high referral criteria and were drawn to the attention of the committees by the external consultant. Only eight "interventions" were actually carried out. The outcome of these was a fall in referral rate in five, no change in two, and the identification of a clinical explanation to account for apparently high referral by one firm.
Discussion
There is abundant evidence from the present study that the introduction of guidelines, monitoring, and peer review was followed by appreciable and often dramatic reductions in referral for individual x ray examinations from a substantial number of firms in every centre and in every specialty. Most of this reduction was produced by firms whose preguideline practice did not meet our "high referral" criteria. This suggests that opportunities for further substantial reductions remain.
Even with voluntary adoption of the guidelines, voluntary peer review, and limited assurance of compliance, overall reductions in inpatient and outpatient referrals of 7-7% and 8-9%, respectively, were recorded. This represents a potential saving of£ 180 000 a year in the study hospitals alone and does not include any savings that might be attributed to changes in referral practice not dealt with in this paper, such as referrals from accident and emergency units and from general practitioners. If the guidelines became a required standard of good practice for the NHS, if formal peer review became a necessary part of hospital practice, and if the assurance of complianrce was more rigorously pursued the evidence suggests that reductions in excess of 20% would be achieved. In financial terms alone this would represent annual savings to the NHS of some £50-60m, approximately £250 000 for each health authority. We know of no reason why the findings should apply only to diagnostic radiological services. There is a strong likelihood that the substantial overuse we have shown applies also to other major sectors of hospital care in the NHS.
Doctors were prepared to accept as hospital policy standards of clinical practice set by peers from elsewhere, and were also agreeable to the monitoring and review of their practice with respect to these standards by committees of local peers and colleagues, many of whom were from different specialties. Committees experienced little difficulty in agreeing which firms met the criteria for persistent high referral, but there was considerable disagreement about the desirability of formal intervention. Procedures to encourage compliance were therefore not implemented in 23 out of 31 (74%) instances of apparently persistent high referral. In the eight instances where they were implemented, a satisfactory outcome was achieved in six. The findings of this study have important implications for the audit studies presently being conducted across the broad front of medical practice.
The study offers strong experimental evidence to support a recent suggestion that at least 20% of radiological examinations carried out in NHS hospitals are clinically unhelpful. Introducing the guideline BMJ VOLUME 304 21 MARCH 1992 booklet on its own can be expected to have, at best, only a transient effect on this.203032 Yet pressures to consider only the guidelines and their further refinement, and to ignore monitoring and peer review, continue to be enormous. The problem of how to assure compliance with an agreed standard of practice needs to be resolved. Until this happens medical audit alone is unlikely to translate good practice into common practice.
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Introduction
Vasectomy is now a common method of permanent birth control. Though widely considered to have no adverse long term effects on health, doubts have occasionally been raised about its safety. These include concerns about the functional importance, if any, of the autoimmune sperm antibody response that commonly follows vasectomy' 2 and the possibility of long term effects of the operation on the cardiovascular3-'0 and genitourinary systems. Also, there is current interest in the hypothesis that vasectomy might predispose men to cancers of the testis and prostate.`11 We report a medical record linkage study to identify the subsequent occurrence of these cancers and several other diseases after vasectomy.
Methods
We used data from the Oxford record linkage study, which includes brief abstracts of records of hospital
